Since the days of Cajal, the CA1 pyramidal cell has arguably received more attention than any other neuron in the mammalian brain. Hippocampal CA1 pyramidal cells fire spikes with remarkable spatial and temporal precision, giving rise to the hippocampal rate and temporal codes. However, little is known about how different inputs interact during spatial behavior to generate such robust firing patterns. Here, we review the properties of the rodent hippocampal rate code and synthesize work from several disciplines to understand the functional anatomy and excitation-inhibition balance that can produce the rate-coded outputs of the CA1 pyramidal cell. We argue that both CA3 and entorhinal inputs are crucial for the formation of sharp, sparse CA1 place fields and that precisely timed and dominant inhibition is an equally important factor. Introduction A CA1 pyramidal cell in the hippocampus only fires when an animal is at a selective spatial location and hence is called a place cell [1]. The region of space where a place cell has a high probability of firing is called the place field of the cell. This spatially selective increase in firing rate is the hippocampal rate code: the number of spikes fired by the cell encodes information about the position of the rat. Although there are >400 000 pyramidal cells in the rat CA1, it is possible to accurately estimate the position of the rat in space by observing the rate-coded output of just 50 simultaneously recorded place cells [2], potentially indicating a tremendous redundancy in the rate code.
Introduction A CA1 pyramidal cell in the hippocampus only fires when an animal is at a selective spatial location and hence is called a place cell [1] . The region of space where a place cell has a high probability of firing is called the place field of the cell. This spatially selective increase in firing rate is the hippocampal rate code: the number of spikes fired by the cell encodes information about the position of the rat. Although there are >400 000 pyramidal cells in the rat CA1, it is possible to accurately estimate the position of the rat in space by observing the rate-coded output of just 50 simultaneously recorded place cells [2] , potentially indicating a tremendous redundancy in the rate code.
Embedded within the rate-coded output of a CA1 cell is the hippocampal temporal code. When a rat runs, the local field potential from the CA1 region reveals a $8 Hz theta oscillation. As a rat enters the place field of a CA1 place cell, the first spikes fired by the cell occur late in a theta cycle. In subsequent cycles, the spikes occur earlier and earlier in each cycle. By the last theta cycle within the same place field, the spikes precess almost to the beginning of the cycle. This advancement of spike times with respect to theta is called phase precession. By observing the precise phase of spikes within a single theta cycle, the percentage of the place field of the cell traversed by the rat can be estimated [3] [4] [5] [6] [7] [8] . The theta phase as a function of the position of the rat is called a temporal code because information about space is encoded in the spike timing and not the number of spikes.
To fully understand the origin of the temporal code it is instructive to first understand the hippocampal rate code. Here, we synthesize research ranging from electron microscopy to behavioral electrophysiology to try to answer the question of how these rate-coded outputs come to be. What is the functional anatomy of the inputs to a CA1 cell? Which of these inputs are necessary to turn the cell into a place cell? How do inhibitory and excitatory inputs interact to ensure that a CA1 pyramidal neuron fires in a given location? We discuss the implications of recent papers [9-11] that attempt to assess the relative contributions of the entorhinal cortex (EC) and CA3 in determining the output of a CA1 cell.
A majority of CA1 pyramidal cells are silent cells As many hippocampal electrophysiologists will attest to, CA1 cells can be notoriously reluctant to fire on a track. More than two-thirds of all CA1 pyramidal cells that are active under anesthesia or during slow-wave sleep do not have place fields in a given environment [12] . These cells are often called silent cells, and they rarely fire more than a handful of spikes in an hour long recording session on a track [12] . Some silent cells have place fields in other tested environments, but most do not [12] . The small proportion of cells active at any given point in time suggest that the hippocampal rate code is also a sparse code (Box 1).
It is important that an understanding of the inputs to a CA1 pyramidal cell explain the existence of both place cells and silent cells. Silent cells are discussed at numerous points in this article and, although they are silent, they reveal a lot about the mechanisms underlying the emergence of the hippocampal rate code.
We begin by looking at the anatomical roadmap of the hippocampal-entorhinal system.
Functional anatomy of the entorhinal-hippocampal network More than 400 years ago the Italian anatomist Arantius was the first to use the term 'hippocampus' in reference to the human dentate gyrus (DG) in 1587 [13, 14] . The literal translation of this Greek word is 'horse-caterpillar', and it refers both to a sea-horse and to a mythical Greek creature resembling a horse-mermaid [13] . Arantius is thought to have had the sea-horse in mind when he used the term, although the curvature of the structure also reminded him of a 'white silk-worm' [13, 14] . In 1732, Winslow described the hippocampus as resembling a ram's horns, and in 1742 de Garengeot coined the term Cornu Ammonis (Ammon's horn), in reference to the Egyptian god often depicted as
